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INTRODUCTION 
Modern museums are regarded as the custodians of our 
natural and cultural heritage. In our immediate environment 
we, find two types of objects, they ar-e either man made or 
natural in origin. The natural objects, like a tree or an 
animal, or a rock or a lake, are all parts of our millions 
of years of natural heritage. The man made objects whether a 
house or any object of household use are part of our 
cultural heritage. 
Man from the very beginning has a strong instinct to 
preserve and cherish the things he possesses. Probably, this 
instinct of preserving things has ultimately given way to 
the establishment of institutions like museums where he 
could preserve and safeguard the treasures of his heritage 
for all times to come. 
Museum collections with respect to their materials 
are either made up of organic or inorganic substances. The 
organic materials in comparison to inorganic materials are 
more susceptible to various agencies of deterioration 
including the biological agencies. In tropical countries 
biological agencies can have devastating effect on the 
museum objects of organic origin. In our country, where for 
the larger part of the year the temperature ranges between 
25-35°C and the relative humidity remains more than 70 per 
cent, the biological agencies like insects and micro 
organisms get ideal climatic conditions to flourish and 
multiply. The objects made up of organic substances like 
wood, paper, leather, parchment etc, provide ample nutrition 
for the survival of insect pests and micro organisms. 
Infact, the ideal climatic conditions and the nutrient 
nature of the material of the objects are responsible for a 
very acute problem of deterioration of different museum 
objects by insect pests and micro organisms. 
In many museums there is no arrangement for the 
prevention or control of these agencies of biodeterioration. 
Reason for the same is probably the lack of awareness 
regarding the problems on the part of curators and other 
staff responsible for the curation of the collections. Quite 
often the curators also lack knowledge of the proper use of 
chemical insecticides and fungicides for controlling the 
problem. 
Keeping this in view, the present author has opted 
for presenting a dissertation on the subject "Insect pests 
of wood, paper and their chemical control". As is evident 
from the title, the author has restricted himself to the 
problem of biodeterioration of cellulose materials like wood 
and paper which are predominantly found in museum 
collections. In the following pages the author has tried to 
review the literature available on the subject, with a view 
to bring out the fact that much work has not been done in 
our country, pertaining to specific problems of biodeterio-
ration and their remedies in Indian museums. 
In chapter II, the author has tried to compile the 
information regarding the insect pests of wood and paper, 
which have already been described in literature in 
connection with the control of agricultural, house hold, and 
stored product pests. 
The author himself collected a few insect pests 
responsible for the damage of manuscripts and other 
documents from local libraries and museums and has made 
observations regarding their bionomics including food and 
feeding habits and has tried simple methods of their control 
which have been described in the Illrd chapter of the 
present dissertation. 
In chapter IV, the author has enlisted the different 
precautionary measures for minimising the problem of 
biodeterioration in the museums and has also suggested some 
curative methods like fumigation, and use of other chemicals 
for the control of insect pests and to save the collections 
in the museums. 
In the last the whole problem has been summarised 
for the benefit of those who would like to acquaint 
themselves with the problem in a nutshell. 
In these pages an attempt has also been made to 
provide all available information regarding the insect pests 
of wood and paper and their chemical control with the hope 
that it would be helpful to the museum curators, 
museologists and taxidermists who would like to devise long 
lasting control operations and methods for protecting their 
valuable collections. 
CHAPTER 1 
PLATE 1 
Fig. 1. Subterranean termite, 
L to R: A-winged reproductive adult, B-reproduc-
tive nymph, C-queen, D-Soldier, E-v>7orker. 
(Courtesy Univ. of California) 
Fig. 2: Damage to Rail sleeper by termite 
(Isoptera-Termitidae) 
IMPORTANT INSECT PESTS OF WOODEN MUSEUM OBJECTS 
In the museum collections pertaining to ethno-
graphical and cultural objects, cellulose materials like 
wood and paper are abundantly found." These materials are 
readily attacked by insect pests. In the following pages the 
problem of insect pests in museums, is dealt with under the 
following two categories:-
a) Insect pests of wood and allied materials, 
including pests of herbarium collections like 
leaves, stems, fruits and seeds etc. 
b) Insect pests of paper and other archival 
materials. 
A) MAJOR INSECT PESTS OF WOODEN OBJECTS: 
(1) TERMITES: 
While discussing the deterioration of wooden objects 
by insect pests our attention is immediately focussed on the 
major role played by termites. Termites are social insects 
which live in colonies that contain one fully developed 
queen, and a very large number of sterile workers and 
soldiers. Reproductive forms are produced at certain time of 
the year and dispersed by various methods for starting a new 
colony. The termites are also popularly known as white ants. 
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Fig. 3: Damage to IM yv>;ood panel by termite 
(Isoptera-Termitidae) 
Fig. 4: Damage to wood of Pinus £OSxburgl-i 
by termite (Courtesy FRl Dehra Dpn) 
Both these terms are very vague and general . Termites 
constitute a very big group of insects comprising of nearly 
two thousand species (EbeJing, 1968). Out of these recorded 
two thousand species, there are about sixty nine species 
which are considered by Harris and Synder (Ebeling, 1968) as 
serious pests of wood used in building constructions. These 
sixty nine species belong to the following six families of 
the order Isoptera. 
Rhinotermitidae 33 species 
Termitidae 18 species 
Kalotermitidae 12 species 
Mastodermitidae 1 species 
Termopsidae 2 species 
Hodotermitidae 3 species 
Edwards and Bell (1980) in their status report of 
pest control in museums have included the following eight 
species as serious pests of wooden objects in museums 
Odontotermes macrodentatus, Heterotermes indicola, 
Microtermes obesi, Hodotermes jiiacrophagus, Leucotermes 
indicola, Termes brunneus, Eremotermes species. 
Bhowmik (1968) and Agrawal (197 7) have also written 
on the subject and though their publications are of popular 
nature, they may be used for the general enlightenment of 
the people engaged in the curatorial professions. 
PLATE 3 
Fig. 5: Damage to Softboard by termite 
(Isoptera-Termitidae) 
Fig. 6: Damage to book by termite 
(Isoptera - Termitidae) 
Agrawal et. al . (1990) have published a very 
comprehensive review of literature regarding the 
deterioration of wooden objects by insect pests. Still, 
there is much scope for the researchers to identify the 
termite infestations in Indian museums, so that proper 
species responsible for causing damage could be identified 
and their bionomics could be studied to device effective 
methods for their control in the museum buildings. 
ii) WOOD-BORING BEETLES: 
Wood-boring beetles are the most destructive 
insects next to the termites. Stored timber, furniture and 
other cultural properties, whether made of hard wood or soft 
wood, are commonly infested by these beetles. Usually the 
infestation starts when the female beetle finds its way to 
the object and deposits fertile eggs in such a position that 
the newly hatched larvae could penetrate into the wood and 
development could take place. The larvae make tunnels while 
feeding on the wooden materials. The typical sign of the 
infestation is the presence of many small holes on the 
surface of the object (Plate 4 Fig. 7 ) through which the 
dust or fine powder comes out (Plate 4 Fig. 8 ). The 
infestation spreads through the introduction of contaminated 
PLATE 4 
Fig. 8: Right - Sawdust of Anobid hectic 
Centre- Swadust of Lyctid 
Rip.ht - drywood termites pel Jets 
CCourtesy Univ. of CaJifornia) 
PLATE 4 
Fig. 
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wooden objects into the fresh collections. 
Major work on the wood - boring insects, in India, 
was done by Stebbing (1914). He described in details, the 
biology, taxonomy and morphology of different types of 
wood borers. Stebbing was followed by Beeson (1941) and 
Gardner et al . (1937) who updated the information 
regarding the bionomics of wood borers. 
Several other workers (Mathur and Singh 1954, 
1961, Chandra 1981) have recorded an elaborate catalogue 
of insect pests of different types of wood found in 
different regions of the Indian subcontinent. A good deal 
of biological account of the wood borers has also been 
published by Chandra (1981). 
Chatterjee and Chatterjee (1951) and Roonwal 
(1961) have worked on the method of control of the pests 
of wood. 
Edwards R. Stephen (1980) in his status report on 
the pest control in museums has enlisted the following 
species as the insect pests of wood and paper. 
Scientific Name & Common Name Known Food Preference or 
Problems 
COLEOPTERA: 
ANOBIDAE 
Anobium punctatum (De Geer) 
Furniture beetle 
Furniture, Wood work, book 
bindings. 
Hadrobregmus carinatus (Say) 
Anobid beetle 
Soft wood 
Hemicoel us gibbicollis (Leconte) Beech and Oak wood work 
California death watch beetle 
Sitodrepa panicea (Linn.) 
Drugstore beetle 
Dried vegetable matter, 
paper 
Xestobium affine (Leconte^ 
Death watch beetle 
Furniture, wood work, book 
bindings. 
Xestobium rufovil1osum (De Geer) 
Death watcK~beetle 
Furniture, wood work, book 
bindings 
BOSTRICHIDAE 
Dinoderus minutus (Fabricius) Wood-boring 
Bamboo power post beetle 
BUPRESTIDAE 
Flatheaded wood boring-beetles Wood-boring 
CERAMBYCIDAE 
Longhorned beetles or roundheaded 
wood borers. 
Hylotrupes ba julus (Linn, 
Old house borer 
Larvae bore in frame 
buildings 
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CURCULIONIDAE 
Sltophllus grananus 
Wood weevils 
LYCTIDAE 
Lyctus spp. 
Power post beetles 
HYMENOPTERA 
FORMICIDAE 
Ants 
Camponotus spp. 
Carpenter ants 
XYLOCOPIDAE 
Xylocopa virglnlea (Linn.) 
Carpenter bee 
ORTHOPTERA 
BLATTELLIDAE 
Supel1 a lon^ipala (Fabricus) 
Brown banded cockroach 
Bl atel 1 a germanica (Linn.) 
German cockroach 
THYSANURA 
LEPISMATIDAE 
Lepisma saccharina (Linn.) 
Thermobia domestica (Packward) 
Firebrat. 
Wood works of buildings 
Dry and seasonal lumber 
Nest in wood 
Bores in tunnels in dry 
wood to nest 
May severely damage book 
bindings 
May severely damage book 
bindings 
Feeds on starch in book 
bindings, paper, clothes 
wal1 paper paste. 
Feeds on starch in book 
bindings, paper, wall paper 
paste, etc. 
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Findlay (1962) and Langendorf (1961) have worked on 
different methods of preserving wood from the attack of 
insect pests. According to these workers, majority of the 
wood boring insects belong to the following six orders: 
Coleoptera, Isoptera, Hymenoptera, Lepidoptera, Dictyoptera 
and Diptera. Mathew (1985) recorded altogether 68 species of 
borers belonging to the families Bostrychidae (11 species), 
Cerambycidae (12 species), Lyctidae (2 species), 
Platypodidae (9 species) Scolytidae (12 species) 
Curculionidae (12 species), Anthribidae (4 species) and 
Brenthidae (12 species) which were found in stored timber in 
Kerala. 
Agrawal (1990) has pointed out that the most 
important timber destroying borers belong to the following 
four families of the order coleoptera i.e. (1) Anobidae 
(ii) Bostrichidae (iii) Lyctidae (iv) Cerambycidae.. 
Therefore, the present author would describe the insect 
species belonging to the aforesaid four families. 
FAMILY ANOBIDAE 
Anobids are regarded as the destroyer of a wide 
range of museum materials. Almost a thousand species of 
these beetles are known to entomologists. There are eleven 
varieties of Anobids which have been found in the European 
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parts of U.S.S.R. (Toskina, 1978). Furniture beetles and 
wood-worms also come under the family Anobidae and they are 
also considered as major pests of wood and wooden materials. 
Biology of most of the Anobids has not been studied 
in detail and therefore, effective methods of control could 
not be developed against these insects (Toskina, 1978). The 
characteristic feature of the wood infested by these insects 
is the presence of small shot holes (1/6 to 1/8 inch in 
diameter) through which coarse powder comes out (Glenn and 
Carl, 1954). 
Anobium punctatum is one of the most common and 
widely distributed furniture beetles. Toskina (1978) 
mentioned that this insect pest has widely spread in USSR 
and its cosmopolitan distribution occurred by the 
transportation of furniture to all other parts of the 
continent. 
Alam (1983) briefly described the lifecycle of 
Anobium punctatum. The lifecycle gets completed within a 
year in the outdoor but is prolonged for two to three years 
under laboratory conditions. 
Anobium straiatum is another species attacking 
wooden objects and completes its lifecycle in one to three 
years (Deschiene, 1957). According to laboratory 
F i g . 9: Deathwatchbeet le Xestobiurn rufoviHosum (Co]9optera - Anobidae^^courtesy NRLC) 
PLATE 5 
^:-*v.;.j-?a^ 
F i g , 1 0 : Anobid powder p o s t b e e t l e 
Nicobium h i r t u m (Cour t e sy 
USDA) 
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observations Anobid beetles usually become active after 
6'0' clock in the evening. A few eggs are laid by female in 
slits and holes. At a time two to three dozen eggs are laid 
one by one in small heaps. 
Furniture beetles like Anobium xestobium, Anoblum 
ptilimus, Anobium oligomerus are also reported as a common 
pest of wooden materials in museums. Mori (1978) mentioned 
that Gastrallus immarginatus destroys books and old 
documents. He also reported that Gastral1 us sauteri is a 
common pest in Japan and damages books and archival 
materials. Priobium pertinex, Priobium confusum and Priobium 
carpini are injurious to unheated wooden structures in 
Northern Europe (Toskina, 1978). California death-watch 
beetle Hemicoelus gibbicollis Lecconte. often attacks Beach 
and Oak wood and anobid beetle Hadrobregmus carnitus attacks 
soft wood (Edwards R, Bell M. et al., 1980). 
Bhowmick (1968) has described the notorius death-
watch beetle Xestobium rufovil1osum (Plate 5 Fig. 9 ). It 
is about 3 m.m. long and is a great menace to wood work and 
books. The insect develops best at a temperature of 67-82°F 
and prefers old timber to freshly seasoned wood. The life 
cycle gets completed over a period of one year. The eggs are 
very small, white and oval shaped and are laid in cracks and 
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interior parts of the wood.Full grown larvae measures 1/4 
inch in length and has wrinkled and curved cylindrical body. 
The colour of the adult beetle varies from red, brown to 
dark brown. They usually appear in spring and early summer. 
Hickin (1971) mentioned that the larvae require 
about a year for completing their development in natural 
conditions and 2-4 years in laboratory conditions. 
FAMILY BOSTRICHIDAE 
Bostrichids are commonly known as false Powder post 
beetles. The family has world wide distribution and many 
species are found throughout the tropical countries. There 
are 550 species of bostrichids known to the entomologists. 
These beetles have varied sizes. Head is deflexed and not 
visible from above being hidden from view beneath a large 
thorax giving the impression of humped back. The life cycle, 
as in the case of other beetles, consists of four distinct 
stages: the egg, larva, pupa and finally the adult. The 
duration of larval period varies considerably according to 
temperature and availability of moisture in the infested 
wood (Hickin 1971). The adult beetle bores into the wood and 
prepares egg tunnel to deposit eggs, whereas other species 
deposit their eggs in pores. 
PLATE 6 
Fig. 12: Damage to bamboo by Dinoderus minutus 
Bostrichidac 
PLATE 6 
Fig. 11: Bamboo power post beetle Dinodcrus minutus 
Bostrichidac (Courtesy NRLC) 
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The two genera Dinoderus and Heterobostrychus, 
belong to family bostrichidae, have considerable economic 
importance. Mori (1978) reported Dinoderus minutus causing 
damage to bamboo made objects in Japan. The Indian Dinoderus 
minutus Fabr. is commonly known as "ghoon" or bamboo powder 
post beetle (Plate 6 Fig.11). It is a pest of stored bamboo 
and is widely distributed in the tropical countries (Plate 6 
Fig. 12). 
Nair and Mathew (198A) pointed out that several 
investigators have found a positive correlation between the 
starch content of bamboo culms during the harvesting period 
and their susceptibility to Dinoderus attack. In fact Nair's 
(1984) conclusions are based on the work of Beeson and 
Bhatia (1937), Gardner (1945), Plank and Hageman (1951), 
Joseph (1958) and Mathur (1961). 
Heterobostrychus aequalis is a common species which 
attacks furniture and fittings in buildings, cases, plywood 
chests and panels etc. (Plate 7 Fig. 13). This beetle has 
black cyclindrical body with curved projections on elytra at 
the posterior end. It lays eggs singly on rough surfaces of 
the timber or in short tunnels. The grubs pupate at the end 
of the tunnel. The adult beetles after emerging feed on wood 
and reach the surface by making holes. The period of 
development of these insects depends upon the temperature 
-•ig»w'.Jf> 
PLATE 7 
Fig. 14: Borichid beetle Scobicia declivis 
PLATE 7 
F i g . 1 3 : Ma tu re l a r v a e of Ro.str i chi dnc 
H e t c r o h o s t r y c h u s il^U^OiiS 
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and humidity conditions and it may range from one to six 
years (Nayar, Ananthakrishnan et al. 1989). 
FAMILY CERAMBYCIDAE: 
Cerambycids are commonly called as carpicorn 
beetles. These beetles could easily be recognised by their 
long horned or rounded head and long antennae. Most of these 
species are comparatively larger in size and of bright 
colours. There are about twenty thousand species of 
cerambycide known to entomologists. Most of them are 
inhabitants of freshly felled timber. Hoplocerambyx 
spinicornis, Xystocera globosa, Remphan hopei, Stromatium 
barbatum are some of the common pests of timber like Sal, 
Albezia, Semul, Dipterocarps respectively (Mathew, 1985) 
(PI ate 8 Fig. 15 & 16) . 
. Life cycle is completed in a year in unseasoned wood 
and takes much longer time in the seasoned wood. The larvae 
develop, initially, in the bark and later in tunnels bored 
into the sapwood then to the heartwood. The grubs are pale 
whitish elongated and tapering in width from head to tail. 
The body is flattened dorsoventral1y and shows signs of 
segmentation. Head is invaginated into prothorax and 
thoracic legs are highly reduced and non functional. 
PLATE 8 
F i g . 1 6 : Damage Lo wood of Shoroa i^obusta by 
HopJ ocerambyx S£ini^co£nl^£ - Ccrnmbycidnc 
(Cour t e sy FRl Dehra Dun) 
PLATE 8 
Fig. 15: Damage to wood of DnlberRJa s1sso by 
^Courtesy I'^ Ri'DeRra Dun) 
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Most of the cerambycids species prefer freshly 
felled timber. Therefore, they are of secondary importance 
to museol ogists, But some of the species which have been 
regarded as museum pests include Hyl otrupes ba Jul us , which 
attacks old wood carvings (Deschiene, 1957) (Plate 9 
Fig. 17). But Hyl otrupes ba Jul us has not been rated as an 
important pest of museum objects (Hlckin, 1971). Although a 
few records are available regarding the presence of this 
species in Indian museums. 
Edwards and Bell (1980) mentioned in their status 
report that old house borer Hylotrupes bajulus Larvae bore 
the frames of buildings. Stromatium barbatum causes damage 
to Dalbergia wood in India. Hop]ocerambyx spinicornis and 
Chiorophorus annularis causes considerable damage to bamboo 
objects (Plate 9 Fig.18). Aral (1980) recorded that 
Pal aeocal1idum rufipenne attacks wood, used for the 
construction of the wall of storage spaces. 
FAMILY-LYCTIDAE: 
Major powder post beetles are included under the 
family lyctidae. They are found throughout the world. Powder 
post beetles are considered as serious pests of seasoned 
wood. Deschiene (1957) has recorded 150 species and Ebeling 
(1978) recorded 66 known species of lyctids which are 
responsible for the damage to wooden objects. 
PLATE 9 
DAMAGE TO BAMBOO BY BORERS'" 
Chlorophorus annularis F. 
Fig. 18; Damage to Bamboo by bamboo borer 
Chj_oroj2hoxus annul aris - Cerambyctdae 
^Courtesy FRi DeEri Dun) 
PLATIi: 9 
F i g . 17: Old house borer Mi^oliruocs bnjuUjs 
(Cerambycldae) (Courtesy USDA) 
18 
Lyctus brunneus Steph. Lyctus 1inearis etc. have 
cosmopolitan distribution (Plate 10 Fig. 19). Minthea 
rugicol1 is W. causes severe damage to ethnographical 
specimens (Ivany 1968). 
Powder post beetles are small insects measuring 2-7 
mm. in length. Body is elongated and smooth. They may be 
black, brown or yellow in colour. The insects have deflexed 
head not covered by pronotum, and also have two segmented 
antennal clubs. The larvae usually have a more retracted 
head and a large spiracle is found on the eighth abdominal 
segment (Nayar, Ananthakrishnan et. al . , 1989). The female 
deposits eggs in the pores on the surface of timber. Hatched 
larvae become active and spend whole of the larval phase 
inside the wood. The cellulose, sugar and protein contents, 
present in the wooden materials, provide sufficient 
nutrients for the larval growth. Usually the life cycle gets 
completed within a year (Bhowmick, 1968). The larval forms 
or grubs are commonly known as wood worms. 
Carpophilus dimidiatus is a very smal1 insect and 
the species is sometimes found in museums. Ahasverus advena 
W. is an occasional pest of plant specimens especially in 
herbarium collections (Ivany, 1968), Lyctus africannus is 
mainly responsible for the destruction of large number of 
wooden objects in Indian museums (Plate 4 Fig. 7). These 
PLATE 10 
Fig. 19: Left - Brown powder post beetle Lyctus 
brunneus 
Right- European lyctus 
Top - Larva of Lyctus brunneus 
(Courtesy story) 
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beetles attack non-coniferous timbers, hard wood, wooden 
articles etc. Immunity of coniferous timbers to lyctus 
attack has been attributed to the absence of starch contents 
in wood (Nayar, Ananthakrishnan, 1989). 
B. SOME MINOR INSECT PESTS OF WOODEN MATERIALS 
Resides coleoptera, there are some minor insect 
pests of wooden materials belonging to the following orders: 
Hymenoptera, Lepidoptera, Dictyoptera, Diptera etc. 
A brief description of these insect pests is as 
fol1ows: 
ORDER HYMENOPTERA 
Ants, wasps, and bees are some of the important 
insect pests belong to the order Hymenoptera. These insects 
are sometimes responsible for causing damage to wooden 
materials. Although these insects do not use wood as a 
nutrient, they make cavities on the surface for nesting 
purposes. 
Important wood attacking ants include reddish-busted 
carpenter ant Camponotus obscuripes and Brown-black odorous 
ant L£si^ u£ niger Laterelle. These ants damage poles and 
other building structures. They often take out the softer 
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zones of the wood and deposit the fragments outside the nest 
(Shaheen 1990). 
Edwards and Be]] (1980) mentioned, in their status 
report, that pavement ant Tetramorjum caepitum infects 
buiJding structures. 
Simeon (1954), as reported by Agrawal (1990), 
pointed out that Carpenter ants prefer moist wood for making 
their nests. This is apparently a requirement for the 
development of the immature forms. Moisture content is vital 
for the establishment of the ants in wood. This vulnerable 
point can be exploited in their prevention and control. 
Blackall(1981) emphasised that carpenter ants are the most 
destructive among this group. 
Carpenter bees (Xylocopa species), like carpenter 
ants also exploit wood only for making their nests. The 
adult female bees bore holes into wooden structures of the 
old buildings, or approximately 10 mm. in diameter at an 
average about 15 cms. long. The eggs are laid in the 
galleries supplied with a mixture of pollen and honey for 
feeding the larvae. The presence of the insects and their 
nests spoil the buildings aesthetically. 
Wood- wasps are included in the family siricidae. 
Although these insects bore wood, there is no record of 
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damage to cultural property, because they commonly inhabit 
very dense forests. Usually their mud-daubers pollute wood, 
but the damage is negligible (Mori 1978). 
ORDER-LEPIDOPTERA 
Order Lepidoptera includes butterflies and moths. 
Adult forms of these insects are harmless but the 
caterpillars bore wooden materials. Among the butterflies 
and moths, larvae of Wood-moth, Carpenter moth (Cossidae) 
Glassy wing moth (Aegeril 1 idae) and Ghost - moth or Swift-
moth (Hepididae) are the common wood borers. However there 
is no record of damage to cultural property by these insects 
(Mori 1978). 
ORDER-DICTYOPTERA 
Cockroaches are the common insect pests belonging to 
the order Dictyoptera. They cause considerable damage to 
those wooden objects which contain starch paste in any form. 
Family Blattidae include smoky brown cockroach 
Peripl anata fyl£il22££ serville., Japanese cockroach 
Periplanta japanica Karni, American cockroach Periplanata 
americana etc. At present the extent of cockroach attack is 
less since synthetic adhesives have been used on wooden 
objects. However excrements of cockroaches pollute and cause 
stains on wooden objects. 
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ORDER DIPTERA 
Order Diptera Include flies and mosquitoes. These 
insects themselves do not attack any cultural property. But 
an indirect threat may arise if their population increases 
beyond certain limits. Their excrements cause ugly stains 
(like flymarks etciand these insects may also attract other 
pests to the museum building. 
CHAPTER 2 
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IMPORTANT INSECT PESTS OF PAPER AND THEIR DELETERIOUS EFFECTS 
Paper is widely used for writing, printing, painting 
and found in the form of books, journals, manuscripts 
documents etc. There cannot be two opinions regarding the 
importance of these articles which form the very basis of 
our all round intellectual activity. 
The practice of paper manufacturing started as early 
as 1700 years ago, when the forerunner of modern paper was 
made in China. Most of the ancient paper was made of clean 
white rags. The manufacture of modern paper is mainly based 
on raw materials like wood, cotton, straw, linen,waste paper 
etc. These organic materials are rich sources of cellulose 
and hemicel1ulose and attract numerous pests. 
Cellulose materials like paper are readily attacked 
by various biological agencies. Insects are the major pests 
responsible for large scale damage to paper. The presence of 
gelatin and the starch contents of the paper attracts a 
large number of insects. Besides the above mentioned 
factors, microbial attack like fungal growth also acts as an 
attractantfor insect pests. 
Although bacterial attack are comparatively less 
important, Waksman (1940) has reported four groups of 
aerobic cellulose decomposing bacteria namely Cytophaga, 
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Cellvibrio, Cel1fasctcula, and Myxobacteria which have been 
found to attack paper. 
Mould growth is one of the main threats to the 
preservation of paper materials, particularly, archiv.il 
materials in humid tropical countries. Climatic factors like 
relative humidity, temperature etc. play an important role 
in the mould growth. High relative humidity (more than 70 
per cent), tend to promote growth of several kinds of fungi. 
it is reported that more than one hundred varieties of 
fungi, have a remarkable cellulose dissolving activity, 
Staining and weakening of paper are the obvious results of 
fungal growth. Mould growth on paper usually produces black, 
brown and yellow spots or stains. 
Beckwith and co-workers (1940) have isolated about 
55 species of fungi from old books and manuscripts which 
belong to the following genera: 
Alternaria, Monilia, Aspergillus, Penicil1ium, 
Mucor, Stemphylium, Hormoderndrum, Fusarium, Chaetomium and 
Byssochlumys. 
The mould growth results in the decomposition of 
cellulose components and also leave stains on the paper, 
Mildew and foxing are the two most important effects 
of mould growth on paper. Paper is said to be "Mildewed" 
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when it becomes weak and gets stained as a result of the 
fungal growth. When the cellulolytic micro-organisms act on 
the surface of the paper, they might cause erosion and 
brittleness of the paper. 
Foxing is the characteristic rustybrown spotted 
discolourization of peer which is directly associated with 
the fungal growth. It occurs because of the presence of 
traces of iron as impurity, which forms different iron 
compounds by reacting with the organic acid liberated from 
the cellulose by the fungal attack. 
Insects are the worst enemies of cellulose 
materials. Most of the insects attack these kinds of 
materials for acquiring their food and shelter. Presence of 
cellulose, starch and gelatine in paper usually attracts 
potential enemies. 
Bhowmik (1968),Nair (1977) and Al am (1983) have 
recorded some important insect pests of paper and archival 
materials in Indian museums and , libraries. Weiss and 
Carruthers (1936) have published their work entitled 
"Insect' enemies of books". The first part of this paper 
contains notes on the appearance, bionomics and control of 
insects injurious to books_ in various parts of the world. 
The last part of the paper consists of bibiliography 
covering references of 500 research works pertaining to 
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insect pests of books. Metcalf and Flint (1979) have 
described various kinds of cockroaches, silverfish, 
firebrats etc. 
Bhatia (1991) pointed out that silverfish and hook-
worms are the most important insect pests which create great 
menace to paper materials. The most common insect pest which 
attack paper material include book-worms, booklice, 
silverfish, firebrats, cockroaches, etc. 
BOOK-WORM 
Book-worm is regarded a serious pest of paper 
records, books, archival materials etc. In support of this, 
several workers have reported severe damage to paper 
materials and palm leaf manuscripts from different parts of 
the world. 
Book-worm infections are commonly found in tropica) 
countries. Many species of the insect have been reported 
from different countries of the world. The Indian book-worm 
has been identified as Gastral1 us indicus Reitter. This 
species "is commonly found in India and Burma. 
Husain (1929-30), as reported by Roonwal and 
Chatterjee (1952), has mentioned some serious damage of 
revenue records by book-worms in Punjab. Some other records 
'^I^A'J'E 1 1 
Fig. 20: Gastrallus 
(Book-worm 
Indlcus Reitter. 
larva and Book-worm beetle) 
PLATE 11 
Fig. 21: Damage to book by cockroach 
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of infections include the bindings and papers of documents 
in Government of India's Imperial Record department, New 
Delhi, during 1939 and 1942. The books, carrier cards etc. 
in the central library of Forest Research Institute 
Dehradun, were also found to be heavily infested during 1937 
and 1950. 
Nair (1977) has recorded severe infection of books 
and manuscripts by the above mentioned pest in the libraries 
and museums in Baroda, Dehradun, Hyderabad and Trivandrum. 
Mani (1992) has reported that 30 per cent out of 
sixty thousands of rare palmleaf manuscripts have been 
damaged due to book-worm infection in the University library 
of Kerala . 
In the present study the author himself observed 
that a large collection of books have been badly damaged by 
book-worms in the University library at Aligarh. The adult 
beetle and larvae of the book-worms which were collected 
from the books at the Maul ana Azad library, Aligarh Muslim 
University, were identified as Gastrallus indicus Reitter. 
by the International Institute of Entomology, England (Plate 
11, Fig. 2o). 
The real book-worms are the larvae of the beetle 
Gastral1 us indicus, belonging to the family anobidae. The 
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following species, other than Gas^ t ra ]_]_us indicus are also 
regarded as book-worms. 
Kalshoven (1930) has recorded Gastra] Jus latj^ coJ^ J^ i^ s 
pic. from Indonesia. Swezey (1933) found this species in the 
Hawaii islands in cardboards which were transported frorri 
India. Pic (1936) has reported PtiJ imus testaceus Pic. as a 
book-worm in Malaya. Some other common species of book-worms 
are also recorded from Indonesia. They include La^ si^ oderma 
serricorne F., Catorama herbarium Gorh, etc. Although 
Sitodrepa panicea Linn, has been recorded as a book-worm in 
India and Indonesia, there are grounds for suspicion that 
various records of this species may be due to misidentifica-
tion of Cast ral 1 us indicus as Sitodrepa pajii^ cea (Roonwa 1 and 
Chatterjee, 1951). 
Nature of damage: 
Book-worm damage is distinguished from that of other 
pests of books by the sign of circular pinholes, about 1 mm. 
in diameter. Beeson (1941) has described the peculiar type 
of damage caused by the Gastrallus indicus. Usually the 
perforations made by escaping beetles which run straight 
through the book from one side to the other side. The larval 
activity is more dominant within the book bindings, though 
this was not revealed by surface examination of the 
bindings, except for a number of small holes (Nair, 1970). 
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Gardner (1937) has described the JarvaJ forms of 
Gastrallus indicus in detail. Highlights of his descriptions 
are as fol 1 ows:-
The mature larva which is about 3-4 mm. long, has a 
stout, white, semicylindrical and crescent shaped body with 
the thorax comparatively swollen. They have 3 pairs of tiny 
thoracic legs. The legs are without claws and terminate in 
soft globular pads which appears to be peculiar to 
Gastrallus among Anobids. 
Head is oval shaped and partly retractible into 
thorax 'Epistoma with numerous setae along the margins. 
Antennae with moderately elongated sensory appendages and 
several small papillae borne on a soft basal segment. 
Epipharynx with two paramedian, rather irregular groups of 
about eight long hair-like setae in addition to several 
setae along the anterior margin. 
The adult beetle is a small slender, testaceous 
brown insect about 2-3 mm. long, 1 mm. wide and it has 
smooth parallel sides. Morphology, lifecycle and control 
methods of this insect have not yet been worked out properly 
(Roonwal 1952). My own observations on Gastral1 us indicus 
Reitter. have been discussed in detail in chapter 3. 
COCKROACHES (Blattidae) 
Cockroaches are one of the most common household 
PLATE 12 
,jtim iMBapgan rHK 
Fig. 23: Book-lice Lipnsccl is cllvl^ nntor hjs 
Psoclds (Courtesy NRLC) 
Fig. 22: L 
C 
R 
- Oriental Cockroach Bl atta orientzal is 
- Australian Cockroach P. australasiac 
- Germen Cockroach B. fiermanica 
( Courtesy Story) 
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insect pests which live in dark, warm and humid premises. 
They commonly damage paper, book bindings, textiles and 
similar materials (Plate 11, Fig. 21). These omnivorous 
insects spoil the museum materials by their excrements which 
leave ugly stains in the presence of moisture. They become 
active mainly at night. 
Many workers have studied the habits, habitat and 
harmful effects of cockroaches in museums and library 
premises. Ivany (1968), Metcalf and Flint (1979), Story 
(1985) have given detailed account of different types of 
cockroaches and their deleterious effects. 
Many species of cockroaches are regarded as 
household pests. Among these group of insects oriental 
cockroach (Blatta oriental is), Australian cockroach 
(Periplanata australasiae), American cockroach (Periplanata 
americana ) and German cockroach f Bla_tte 1_ 1^^ germanica ) are 
very common as they are practically cosmopolitan in 
distribution (Plate 12 Fig. 22). Other widely distributed 
species are the Brown cockroach (Periplanata bruna), Brown-
banded cockroach (Supel1 a supel1etitium), Eoblatta notulata, 
Stylophaga rhombifolia and Ectobia 1apponica (Ivany 1968). 
German cockroach (Blattel1 a germanlca) 
German cockroaches are one of the most common house 
holdpests. Their success in human habitat is due to fast 
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breeding capacity and small size which enables them to nest 
and hide in small cracks and crevices. Moreover German 
cockroaches produce an "aggregation" pheromone which 
stimulates different individuals to move to a particular 
location. Such aggregation provides increased feeding and 
breeding opportunities. 
They are nocturnal and spend most of the time in 
dark, undisturbed crevices close to food and water. They 
primarily inhabit buildings and do not survive outdoor 
exposure during winter season. In summer, buildings may get 
filled with increasing population and then they may shift 
outdoors. 
Breeding takes place throughout the year and eggs 
are laid in 4-8 clusters consisting of 18-50 eggs in each 
capsule (called as ootheca) which are carried by the female 
until close to hatching time. The hatching time is from 
14-30 days. The emerging nymphs are immediately active to 
feed and live with the adult population. Nymphs moult 6-7 
times before becoming adults in about 60 days. The average 
life span is about 6-7 months. An individual at an average, 
produce two to three generation in its life time. 
American cockroach (Periplanata americana) 
American cockroaches are comparatively larger in 
size and measure about l \ inch in length. This species is 
32 
commonly found in human residences, hotels, store rooms, 
museums, libraries etc. Female cockroach produces 15-90 
ootheca once a week, each consisting of 14-16 eggs. The egg 
capsules are glued in sheltered places by using oral 
secretions. Nymphs are hatched in 35-100 days and require 
10-16 months, to complete 13 moults before attaining adult 
size. The total life span sometimes is as long as two to two 
and half years. 
Oriental cockroach (Blatta orientalis) 
The large black Oriental cockroach is about one inch 
long. The females are apparently wingless whereas the males 
are with wings which are usually shorter than the whole 
1enth of the abdomen. The lifecycle gets completed within 13 
months. The female produces at an average 14-15 capsules 
containing 12-16 eggs each. The incubation period is about 
44 days. 
Australian cockroach (Periplanata australasiae) 
Australian cockroach is very similar to the American 
cockroach but comparatively smaller in size, with prominent 
strip along the costal margin and a distinct dark spot at 
the centre of the pronotum. The lifecycle gets completed 
within 9 months. 
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The habitat of almost all species of cockroaches 
are more or less the same. Household cockroaches remain 
active throughout the year in humid and warm conditions. 
They are susceptical to dry and cold conditions. They are 
good climbers and can squeeze through narrow openings to 
gain access to a wide variety of food materials. They are 
fond of starchy and proteinaceous materials. Besides the 
stored food items they have been known to eat animal skin, 
leather, dead insects hairs, books, paper, wallpaper etc. In 
addition to actual feeding of archival materials they also 
damage the same by holding and notching by their chewing 
type mouth parts (plate 11 Fig. 21 ). 
BOOK-LICE (PSOCIDS) 
Book-lice are minute, slender, semi-transparent 
insects having large head and strong toothed mandibles 
(plate 12 Fig. 23 ) • 
Although these insects play a comparatively little 
role in causing damage to paper but several workers have 
reported regarding the nuisance value of these insects in 
libraries and museums (Baryshinikova, 1970). 
Ivany (1968), Bhowmik (1968), Kathpalia (1973) and 
Nair (1977) have described the harmful effects of book-lice 
in museums, libraries, archives etc. Moore and Koehler 
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(1977) and Story (1985) have published a detailed account of 
the book-lice and also the method of their control. 
Book-lice are commonly found inside buildings 
especially in warm and damp premises, around the books and 
in certain kinds of stored products. Generally they feed on 
starchy paste and paper materials. But usually they damage 
book bindings rather than book leaves, therefore they are 
commonly known as book-lice. Book bindings may get damaged 
when the insect consumes the paste, glue and mould growth 
developed on certain adhesives used in bindings. 
However, these insects do not make holes on paper 
unlike book-worms and cockroaches. Besides they are also 
found on herbarium and insect collections. But it is not 
known whether they cause damage to these objects (Story 
1985). Nair (1977) has emphasised that herbarium collections 
are usually attacked by book-lice. But one thing is certain 
that they cause damage to stored products such as cereals aad 
other strachy items. 
Book-lice also live outdoor in undisturbed 
conditions. In outdoor they are found on the barks of tree 
trunks, leaves and other damp and decaying organic matters. 
The nymphs and adults die outdoor in winter season and new 
generations arise from overwintering eggs (Story 0. Keith 
1985). 
PLATE 13 
Fig. 24: Sil .yerfish (Lepisma species) 
(Courtesy , USDA) 
• ".-I "^^iTfT'l^-rr^- ™ 1 - • 
PLATE 13 
Fig. 25: Damage to paper by siJvcrfish, 
( Courtesy USDA) 
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Life cycle comprises of three stages egg, nymph and 
adult. Breeding takes place throughout the year and there 
could be 6-8 generations in a year. Reproduction is by 
parthenogenesis and a female lays at an average 20-90 eggs. 
The eggs hatch within 6-21 days. The emerging nymphs pass 
through four moults before attaining adult stage. 
SILVERFISH (Lepisma Spp. ) 
Silverfish is one of the common insect pest which 
attack paper, books, paintings, wall paper and similar 
cellulose and starchy articles including archival materials. 
Bhowmik (1968) has recorded two important species 
of silverfish, Lepisma saccharina and Lepisma collaris from 
India. Ivany (1968) has reported many pecies of silverfish 
from different museums and libraries in the tropical 
countries such as Ctenolepisma urbana from Hawaii, 
Ctenolepisma nigrum from Puerto Rico. Alam (1989) has 
studied the bionomics and control of Lepisma saccharina. 
Nair (1977) has also described the same species briefly. 
Silverfish are carrot - shaped, silvery coloured, 
swift-running nocturnal insects. Body measures about 8-10 
mm. in length (Plate 13 Fig. 24). 
They are primitive wingless insects. Metamorphosis 
is not observed in this group of insects. The mouth parts 
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are of chewing type and compound eyes are present in some 
species. 
The antennae are long, having many segments. The 
significant character of the species is the presence of tail 
which bears two or three bristle-like segmented appendages. 
The body is soft and covered with scales which give 
a shining appearence (Metcalf and Flint, 1979). 
Silverfish are particularly fond of sized paper 
containing starch, dextrin, casein, gum and glue. They also 
prefer to feed on textiles of plant origin including rayon 
and cotton. 
The present author has observed that silverfish are 
responsible for the damage to textile materials at the 
University Museum Aligarh. Besides, they are also 
responsible for the damage of book bindings, paper 
materials, paper cards and cardboard boxes etc. (Plate 13 
Fig. 25). 
Silverfish are equally fond of proteinaceous 
material as well as starchy and cellulose material. 
According to Ivany (1968) Ctenolepisma longicauda feeds on 
dried specimens of echinoderms and Ctenolepisma reducta 
infested envelopes containing the scales of insects. 
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The female at a time lays 10-50 eggs in favourable 
conditions, which hatch out in 6-10 days time. The young-
ones closely resemble the adults. The maturity is attained 
in three months to two years, depending upon the climatic 
conditions. The temperature between 16-24°C and humidity 
above 557o is ideal for their development (Nair 1977). 
FIREBRAT 
Firebrat is another important thysanur which causes 
damage to fibrous materials. The silverfish and firebrat are 
closely related and therefore, there is always a specified 
resemblance in their morphological characters. 
Many workers like Ivany (1968) Slater Arthur, 
Kastanis Georgia et. al. (1977), Metcalf and Flint (1979), 
Story (1985) have given a detailed account of the biology 
and control measures of firebrat. 
Thermobia domestica is the most common species of 
firebrat commonly found in cracks and crevices of buildings. 
They thrive in very warm, moist places. They may be found 
around ovens, heating units, fireplaces, hot-water pipes and 
near furnace etc. They may also be seen almost in every 
corner of the house, museum and libraries where the 
clothings, paper or starch, sugar and proteinaceous 
materials are available. 
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During the day time they hide in dark places and 
come out at night to search for food. They prefer starchy 
materials like cereals, moist wheat flour, books or paper 
bindings where glue or paste, is present. Starched clothings 
rayons and linen fabrics are also readily attacked by 
firebrats. However, they do not like woollen materials 
(Slater Arthur and Kastanis Georgia 1977). 
In the absence of prefered food materials they may 
chew any material if it is starched, sized or soiled. The 
materials which are kept undisturbed for a very long period 
of time, particularly in dark and humid places may get 
infested by these insects in course of time. They can live 
for several months without food (Slater Arthur and Kastanis 
Georgia 1977). 
Female firebrat (Thermobia domestica) lays 1-195 
eggs, with an average of 50, in crevices. Hatched nymph may 
mature in 2-4 months under optimum conditions. The youngones 
closely resemble the adult, except in size. The full grown 
insect is wingless about 1/3 to 1/2 inch in length. In 
different species the colour varies from silvery, 
greenish "grey to brownish grey. The body tapers from head to 
tail and is covered with thin scales which give it a silvery 
shiny appearance. The antennae are long and the tail is with 
three appendages. Adult firebrats moult throughout their 
life and may live for 1-2^ years (Metcalf and Flint 1979). 
CHAPTER 3 
PLATE 14 
F i g . 26: Exi t ho l e s made by book-worm b e t t J e 
on an in f ec t ed book-binding 
.M. K - * « ^ 
PLATE 14 
•mfy-
F i g . 27: D i f f e r en t types of t unne l s made by 
book-worm. 
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SOME OBSERVATIONS ON BOOK-WORM INFESTATION: 
In course of the present study the author has 
noticed hook-worm infestation in the University Library at 
Aligarh. The problem was studied in detail and sampling was 
done to determine the extent of infestation in the books and 
observations were also made on the bionomics of the "book-
worm" which are presented in the following pages. 
The adult beetles and larvae of book-worm, which 
were collected from the Maulana Azad Library at Aligarh 
Muslim University, Aligarh, were identified as Gastrallus 
indicus Reitter. The identification was confirmed by the 
International Institute of Entomology, England, and the 
Forest Research Institute, Dehradun. 
The heavily infested books were found with numerous 
circular pinholes (about 1 mm. in diameter) on the surface 
of the bindings (Plate 14, Fig. 25). These perforations ran 
straight through the book from one side to the other. The 
holes on the surface are used for escaping by the newly 
emerged beetles. The feeding activity of the larvae was 
found predominant within the book bindings, but in some 
cases concentrations were also found inside the books. 
The larvae make tunnels of about 1-1.5 mm. wide 
involving 10-15 pages at a time. These tunnels or galleries 
PLATE 15 
PLATE 15 
F i g . 28: Damage to book by book-worm 
G a s t r a l l u s Ind lcus R. 
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may be horizontal, longitudinal or curved in shape (Plate 14 
Fig. 27). Some of the heavily infested books were found to 
have lost their major portions due to repeated attacks for a 
long time. As a result, many overlapping galleries lock the 
pages of the books which cannot be separated without tearing 
them. 
The undisturbed old books invariably suffered severe 
damage whereas infestation was comparatively moderate in new 
books. In active infestation, the galleries along with 
actively feeding larvae, were usually found packed with grey 
or dark brown grannular faecal pellets. Besides this, dead 
beetles and larval or pupal exuviae may also be found in the 
galleries. When the infected book is tapped the dust falls 
out freely. 
The fully grown larva is about 3-4 mm. long. It is 
white in colour. The body is semi-cylindrical and crescent 
shaped with comparatively swollen thorax (Plate 15 Fig. 29), 
The fleshy body of larva comprises of seven or eight 
segments. The terminal segment of abdomen is larger than the 
preceeding ones. The legs are short, without claws and 
terminate in soft globular pads which may be regarded as 
peculiar character of Gastrallus among anobids. The each 
terminal soft globular pad in the legs, there is a long hair 
like structure. The tergum of the prothorax is large. 
PLATE 16 
F i g . 3 0 : Book-worm b e e t l e G a s t r a ] ] u s i n d i c u s R 
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Head is oval and partly retractible into thorax; 
epistoma with numerous setae along the margin. Antennae with 
moderately elongated sensory appendages and numerous small 
papillae borne on a soft basal segment; second segment is 
not well developed. The extreme anterior margin of head is 
reddish brown in colour. Epipharynx with two paramedian 
accompanied with several setae along the anterior margin. 
Mandible is tridentate, upper tooth is accute and longer 
preceeding two subequal teeth with a brush of setae near the 
base. 
Adult beetle is a small, slender and reddish brown 
insect about 2.5-3 mm. long (Plate 16 Fig. 30). Appendages 
are retracted and head gets epical ly curved down in dead 
beetle. Dorsal side of pronotum looks velvety and punctate, 
elytra nearly reaching the tip of the abdomen. Generally the 
body is reddish-brown in colour, but the posterior margins 
of pronotum and margins of elytra and mandibles are dark 
brown. Eyes are black. 
Prosternal inter coxal process does not reach upto 
the mesosternum. The antennal sockets are under the side of 
the frons, and the distance in between the antennal sockets 
is 1.8-2 times of the first antennal segment (measuring 
0.225-0.125 mm.) . 
Adult beetles appear only during April to June, 
whereas larvae may be found throughout the year. The 
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abundance of adult population is at its peak during the month 
of May. They are less abundant during April and June. 
A. ESTIMATION OF BOOK-WORM INFESTATION AT MAULANA AZAD LIBRARY, 
ALIGARH. 
Maul ana Azad Library, Aligarh Muslim University, 
Aligarh has a rich collection of old and new books. The book 
collection of the library is stored in a multistoreyed 
building having five floors. The author had examine the books 
from all the stacks and found that quite a few number of books 
were having active infestation of book-worms. 1 was tempted to 
conduct a survey on scientific lines to estimate the exact 
extent of infestation in the said library. But as the time and 
resources on my disposal were a direct constraint on 
conducting such a survey, therefore, I have confined myself to 
simple method of examining 4 sets of 100 books from each stack 
and the observation regarding the presence of "active" or 
"dead" infestation in the books have been recorded in a 
tabulated form to give an idea of the gravity of the problems 
(Table 1-3). 
The books having active infestation are recorded 
under the "term "live infestation" and those showing signs of 
earlier infestation have been termed as "dead infestation", in 
both these cases the infestation has been sub classified as 
mild or severe. 
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The percentage of mild and severe, living or dead 
infestation has been recorded in the accompanied tables. The 
total percentage of infestation at each fJoor has also been 
shown in the tables and the mean of these infestations has been 
regarded as the total percentage of infestation at all the five 
floors. 
TABLE 1 
PERCENTAGE OF INFECTED BOOKS IN VARIOUS SAMPLE PLOTS 
Number of Percentage of live Percentage of dead Percentage 
samples infection infection of tata] 
Severe Mild Total Severe Mild Total infection 
l.a Sample plot I (Ground floor) 
1 0 0 0 6 5 11 11 
2 2 4 6 7 7 14 20 
3 0 1 1 5 3 8 9 
4 2 3 5 2 1 3 8 
Mean 1 2 3 5 4 9 12 
l.b Sample plot II (1st floor) 
1 4 9 13 1 7 8 21 
2 0 5 5 4 9 16 21 
3 2 6 8 3 8 14 22 
4 0 0 0 0 6 6 6 
Mean 1.5 5 6 . 5 2 7 .5 9 .5 16 
I, 4 
Number of Percentage of live Percentage of dead Percentage 
samples infection infection of total 
Severe Mild Total Severe Mild Total 
l.c Sample plot III (Ilnd floor) 
1 2 4 4 1 2 3 7 
2 1 3 4 5 14 19 23 
3 0 0 0 2 4 6 6 
4 1 2 3 0 0 0 3 
Mean 1 2 3 2 5 7 10 
l.d Sample plot IV (Illrd floor) 
1 0 0 0 1 4 5 5 
2 4 5 9 3 8 12 22 
3 0 0 0 0 0 0 0 
4 2 3 5 2 6 9 14 
Mean 1.5 2 3.5 1.5 4 . 5 6.5 9.5 
l.e Sample plot V (IVth floor) 
1 0 4 5 0 0 0 5 
2 2 7 14 1 3 4 18 
3 1 6 5 2 5 7 12 
4 1 0 0 1 4 5 5 
Mean 1 4 5 1 3 4 9 
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TABLE 2 
DEGREE OF INFESTATION AT VARIOUS SAMPLE PLOTS 
„ , T . Percentage of live Percentaee of dead 
Sample plots infection infection 
Severe Mild Total Severe Mild Total 
Ground floor 1 2 3 5 4 9 
1st floor 1.5 5 6.5 2 7.5 9.5 
llnd floor 1 2 3 2 5 7 
lllrd floor 1.5 2 3.5 1.5 4.5 6 
IVth flor- 1 4 5 1 3 4 
Mean 1.2 3 4.2 2.3 4.8 7.1 
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TABLE 3 
MEAN INFESTATION 
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SampJ e 
pj ots 
Percentage of ]ive Percentage of dead 
infection infection 
Severe Mild Severe Mild 
Percentage 
of total 
infection in 
each plot 
Ground floor 1 12 
1st floor 1.5 
llnd floor 1 
lllrd floor 1.5 
IVth floor 1 
5 
2 
2 
4 
2 
2 
1.5 
1 
7.5 
5 
4.5 
3 
16 
10 
9.5 
9 
Mean 1.2 2.3 4.8 11.3 
Standard 
deviat ion 
1.2+0.27 3.0+1.4 2.3+1.5 4.8+1.5 11.3+3.0 
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B. EFFECT OF TEMPERATURE ON THE LARVAE OF GASTRALLUS INDICUS 
Experiments were conducted to acertain the effect of 
temperature on the larvae of Gastrallus indicus. The resu]ts 
indicate that lower temperature ranging from -5''C to 0°C 
adversely affects the insects. Hence it is recommended that 
temperature treatment can effectively be used for 
controlling the infestation. 
Two cardboard boxes of 6" x 3" x 1" were prepared. 
The boxes were loosely packed with cuttings of paper 
(Preferably from an infested book) later, 25 larvae (of 
assorted sizes) were released in each box. The boxes were 
covered by using a polythene bag which was closed vrith the 
help of cellophane tap. Each box was maintain at -5°C and 
0°C respectively for 48 hrs, in a freezer. The condition of 
the treated larvae were recorded at an interval of 4 hrs. 
The results thus obtained are tabulated in table 4. 
It is apparent from the readings that there is a 
progressive correlation between the duration of exposure and 
the rate of mortality. The larvae did not show anv apparent 
effect after the exposure of one hour at -5°C and 0°C, 
Further, they showed an adverse effect of inactiveness after 
the exposure of 4 hrs, and remained morbid after 8 hrs. The 
increase in the duration of exposure shorten the viabilitv 
of the larvae. 
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After 24 hrs. Some of the larvae were found dead and 
the rate of mortality gradually increased with the increase 
in the duration of exposure. No larvae were found alive 
after the exposure of 44 hrs. at -5°C and after 48 hrs. at 
0°C. 
TABLE 4 
EFFECT OF TEMPERATURE ON LARVAE OF GASTRALLUS INDICUS REITTER 
Duration of 
exposure 
Effect of treatment Effect of treatment 
at -5°C at 0°C 
1 hour 
4 hours 
8 hours 
12 hours 
16 hours 
20 hours 
24 hours 
28 hours 
32 hours 
36 hours 
40 hours 
44 hours 
48 hours 
Alive and active 
Alive and inactive 
36';= morbid 
50T= morbid 
64/o morbid 
76% morbid 
8/o dead 
92% morbid 
32% dead 
68% morbid 
54% dead 
46% morbid 
72% dead 
28% morbid 
88% dead 
227o morbid 
100% dead 
100% dead 
Alive and active 
Alive and a few 
inactive 
8% morbid 
20% morbid 
40% morbid 
56% morbid 
68% morbid 
12% dead 
88% morbid 
36% dead 
64% morbid 
60% dead 
40% morbid 
80% dead 
20% morbid 
92% dead 
87o morbid 
100% dead 
CHAPTER 4 
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CHEMICAL CONTROL OF INSECT PESTS OF WOOD AND PAPER 
There cannot be two opinion regarding the fact that 
the insects pose the greatest problem as pests of r.useums 
and archival materials. Bell and Stanley (1980) had 
conducted a survey of pest control procedures in American 
museums and have concluded their results as under:-
A. Fifty per cent of the museums used metal storage 
cases as a precautionary measure against insect 
infestation. 
B. Only ten per cent museums have arrangements for 
maintaining complete temperature and humidity 
control . 
C. Half of the museums were unable to identify the 
manner in which an infestation originated in their 
col lections. 
D. Seventy five per cent of the museums did not notice 
any seasonal variations in outbreaks of infestations, 
E. Almost in all the natural history museums chemical 
pesticides are the most commonly used method of pest 
control . 
F. Very few museums are using alternatives to chemical 
pest control. 
G. Thirty three per cent of the museums were getting 
their buildings regularly fumigated through 
cor.rercial agencies. 
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H. The survey also reveals the schedules for the use of 
chemicals are haphazard ( using chemicals once in a 
year and sometimes "as needed"K 
I. The most frequently used pesticide was Para-
dichlorobenzene (PDB) which is used on a continual 
basis in closed storage and display cases. 
J. "Vepona strips" are used by many museums as a space 
fumigant in much the same manner as PDB. 
K. Twenty f ive per cent of the museums use naphthalene. 
This compound acts merely as a repellent and it's 
effectiveness is open to question. 
L. Dowfume 75 (307o carbon tetrachloride and TO'^c 
ethylene dichloride) is also commonly used in the 
museums to fumigate storage cases. 
M. Ten per cent of the museums are using carbon 
disulphide or methyl bromide for fumigating the 
storage cases. 
The surveyors also concluded that in most of the 
museums the commonly used safety measures for handling 
either the chemicals themselves or treated specimens is an 
attempt to limit the exposure period. Gloves and gas masks 
are used infrequently which shows that the museum personnel 
have been incredibly lax regarding the use of chemicals to 
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control pests. Although some vc.ay feel that it is most noble 
to protect collections, no matter what it costs in terms of 
human health such an attitude cannot be permitted to 
prevail. 
Museums must be careful and should do everything 
possible to ensure the good health and safety of their 
employees. Present pest control procedures must be altered 
if it is to be accomplished. 
The above mentioned status report regarding the pest 
control measures practiced in the museums of USA, present a 
very vivid picture of the poor quality of pest management 
measures adopted in an advance country like the V.Sk. In 
comparison to this situation, the conditions in India are 
not very disheartening More or less same type of situation 
is prevailing in Indian museums. 
To combat the problem it is desirable to tackle the 
situation at three different levels; namely research, 
technical training and general av;areness. 
1. Research is desperately needed to determine the 
relative effectiveness of various pesticides and non-
chemical pest control methods. The main thrust area of 
the research should include:-
a) Identification of nev.- or alternative chemical 
pesticides. 
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b) Determination of the minimum required concentration 
of each pesticide for effective pest eradication. 
At present' out of a very large-.tnimber' of chemica]s 
used as pesticides, a very few can be recommended for museum 
use. There are hardly following four or five chemicals which 
can be use safely in the museum environment, as recommended 
by Edwards et. al . (1980). 
(1) Dowfume 75: 
Dowfume 75 is non-flammable mixture of 70 per cent 
ethylene dichloride in which 30 per cent carbon 
tetrachloride is added to make the mixture non-flammable. It 
is recommended for general use in the museum collections 
preferably in a fumigation chamber. It may be noted that 
this mixture may soften plastics and appears to accumulate 
on fatty materials which must be well aerated after 
exposure. 
(2) Naphthalene: 
Naphthalene is also recommended for use in museum 
collections as a repellent in storage cases. The 
effectiveness of naphthalene as a repellent is questioned by 
many individuals and thus it's use remains questionable. 
(3) Pyrethrum: 
It is also recommended for use in storage cases. It 
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is supposed to be one of the least toxic pesticides for 
human beings. It has very short effective life though soine 
commercial products of pyrethrum contain synergists which 
result in the longer residual effects. 
(4) Vepona strips: 
It is dimethyl dichlorovinyl phosphate (DDVP) also 
known as dichl orves. It is recommended for general use in 
storage and sealed display show cases. It forms an acid in 
high humid situation and may corrode metals. It remains 
effective for 3-4 months in a closed space with little air 
circulation. Gloves should be used when handling this 
pesticide. It is desirable not to allow vepona strips to 
come into direct contact with the specimens. 
(5) Vikane: 
It is sulfurylf luride and used as a fumigant in 
closed chambers only. When heated "vikane" produces toxic 
fumes of flurides and sulphur. Vikane has high penetration 
ability and very low reactivity with organic materials. 
Besides above mentioned pesticides, a large number 
of other fumigants are also being used in Indian museums. 
Alam (1983) has prepared a tabulated list of different 
fumigants being recommended or used by different researchers 
in museums and libraries for controlling different insect 
infestations. The same are as follows: 
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Type of infestation Fumigant recommended Reference 
For the control of Etox (90% Ethylene Vetter 
insect pests. oxide + 107o carbon (1978) 
dioxide) 1500-2000/m-^ 
Reaction time 2 to 
6 hrs. 
For fighting animal 1. Hydrogen cyanide Vetter 
pests. 20 gm/m-^  (1978) 
2. Methyl bromide, 
50 g/m^ 
3. Ethylene oxide. 
For the control of Etoxiate (a mixture Vetter 
insect pests of 45Ti ethylene 
and mould growth. oxide, 45% methyl 
formate and 10% 
carbon dioxide), 
1500-2000 g/m-^  
Reaction time 2-6 hrs. 
For the supression of Ethoxide gas (mixture Kathpallia 
pests of archival of 10% ethyl oxide (1973) 
material and 90% carbon dioxide 
by weight) 400 g/ir; 
Reaction time 3 hours. 
For disinfection of Ethylene dichloride Kathpallia 
archival material 3 parts carbon tetra- (1973) 
chloride 1 part by 
volume. Half a litre's 
3 
r.ixture for 2 m 
chamber. 
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Type of infestation Funigant recommehd^d Reference 
Controlling the 
infestation of 
archival material 
Formaldehyde, 250 g/m" 
Reaction time 24-48 
hours. 
Kathpal1ia 
(1973) 
Killing insects and 
larvae in archival 
material 
Paradichlorobenzene, 
for every cubic meter 
of air space 1 kg. of 
the chemical will be 
required. Reaction 
time atleast 2 weeks. 
Kathpal1ia 
(1973) 
Controlling borers 
in the wooden 
structure. 
1. Methyl bromide, 
35-50 g/m^ at 
20-30°C. Reaction 
time 24 hours. 
2. Mixture of methyl 
bromide and ethylene 
oxide. (87:13 by 
weight). 
Mori (1978 
Control of wood 
borers. 
Methyl bromide 50 
parts per million 
for 8 hours. 
Anonymous 
(1968) 
Control of Herbarium 
pests. 
Control of fungi & 
bacteria. 
Methyl bromide 20cc 
ampoul in cu.ft. 
Reaction time 
2-3 hours. 
Ethylene oxide. 
Frariks 
(1965) 
Smithsonian 
Institution 
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Type of infestation Fumigant recommended References 
Insect pests of 
animal material. Methyl bromide. Pest infes-
tation 
control 
1aboratory 
Berke. 
Controlling the pest (A) Hydrogen cyanide Agrawal 
of Ethnographic and (B) Carbon disulphide (1977) 
natural history (C) Para-dichlorobenzene 
specimens. 
I am not in a position to comment on the 
effectiveness and suitablity of above mentioned fumigants 
but I am herewith describing a few pesticides already 
recommended and registered for use, in fumigation chambers, 
by Edwards et al. (1980). 
1. Ethylene oxide: 
It is recommended for use in museum collections in 
closed chambers by trained personnel only. It may settle in 
rubber, fatty materials of leather etc. and specimens of 
these types should be aerated thoroughly for several weeks 
before handling. This fumigant is not effective in killing 
insect eggs unless used in vaccur. chambers. The recommended 
59 
dose is 15 pounds per thousand cubic feet (15 poud/1000 
cu.ft.) in atmospheric chamber at 70°F for furniture, 
textiles and fur etc. 
Pure ethylene oxide is highly flammable and the 
vapour is explosive. To render it non-flammable, it is 
usually diluted with carbon dioxide or freon. It is 
carcinogenic and may cause leukaemia in human beings. 
2. Methyl bromide: 
It is recommended for use in museum collections but 
only by certified applicators. It is especially valuable for 
controlling wood pest. This pesticide has no residual 
effect. 
According to Edwards et. al. (1980), there are 
certain pesticides which are not recommended for use in 
museums. They include aldrin, carbon disulphide, carbon 
tetrachloride, dieldrin, ethylene dichloride, hydrogen 
cyanide etc. 
Because conventional fumigants are highly toxic to 
human beings, sometimes highly reactive with materials and 
highly regulated, the use of atmospheric gases deserves 
considerations. These gases are carbon dioxide, nitrogen and 
helium. Story (1985) has summarised that a concentration of 
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60 percent carbon dioxide held for four days at a 
temperature of 70°F or higher will kill all life stages of 
most the pests. 
Story (1985) has also recommended the use of non 
conventional or low toxicity pesticides for the control of 
museum pests. Following are some of the materials included 
in his lists. 
(a) Feeding inhibitors, 
(b) Growth retardants 
(c) Antimetabolites, 
(d) Chitin inhibitors. 
(e) Oviposition inhibitors 
{f ) Vitamins, 
(g) Chemosterilants 
(h) Inhibitors of micro-
organism symbionts 
of insects 
e.g. thioureas 
e.g. sterols . 
e.g. imidazole 
e.g. Vitamin K iexcesses 
can be used to kill 
insects ) 
e.g. sorbic acid, 
Story has suggested that the chemicals has enlisted 
from (a) to (h) are little explored from inefficiency view 
point. However he has postulated that because some of them 
(eg Chitin inhibitors) work on systems found only in 
arthropods, they are unlikely to have harmful effect on 
human beings. 
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Story (1985) has also discussed the harmful effect 
of museum materials. He has sumnarised that the following 
conventional fumigants are capable of harming various 
materials that might be found in nuseum collections. 
FUMIGANT SOME VULNERABLE ITEMS IN MUSEUMS 
1. Methyl bromide o Sponge rubber, foam rubber, reclaimed 
rubber. 
o Furs 
o Horsehair 
o Feathers 
o Leather (esp. sulfur tanned leather). 
o Woollens 
o Viscose rayon 
o Vinyl 
o Paper (esp. photographic prints and 
blueprints). 
o Cellophane 
2. Phosphine o Brass 
o Copper 
o Gold 
o Silver 
3. Ethylene o>:ide o Leather 
o Wet paper 
o Paint and varnish 
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He has concluded that a mixture of ethylene dibromide and 
carbon tetrachloride (Dowfume) is relatively safe on 
collections, but it is not a good penetrant of wood for the 
control of beetles belonging to genus lyctus. 
Sulfuryl fluride, in the opinion of Story, has the 
best reputation in terms of safety to materials and broad 
spectrum efficacy. It has excellent penetrating qualities. 
In the last, I would like to emphasise that the 
integrated approach towards pest management is very 
effective for outdoor situations eg. agriculture and 
horticulture•etc. where it is usually uneconomical and often 
impractical to eliminate all pests. In such situations the 
pest population is "managed" inorder to keep it below the 
threshold 1evel. 
Indoors, particularly in highly sensitive 
situations. such as museum and libraries, the onlv 
acceptable level of pest mav be "Zero". Therefore in museun^ s 
we should move beyond "integrated nest management" (IPM^  to 
an approach which nay be called "integrated pest 
eradication" fiPE). 
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CONCLUSION 
1. Museum objects pertaining to organic materials like 
paper and wood are highly susceptible to the attack of 
different species of insect pests. 
2. Besides termites the pests of wooden materials mainly 
belong to the coleopterus families; anobidae, 
bostrichidae, cerambycidae and lyctidae. 
3. In addition to the aforesaid main groups of insects, 
some minor insect pests of wooden materials belong to 
the orders, hymenoptera, lepidoptera, dictyoptera and 
diptera. 
4. Thysanura, dictyoptera and coleopterus beetles are the 
most dangerous pests of archival materials. 
5. The importance of Gastrallus indicus Reitter. was 
evaluated as museum pest and it was found to cause 
serious damage to archival materials in Indian museums 
and libraries. 
6. The objects infested by Gastrallus indicus can be saved 
from the pest infestation by treating them at low 
temperatures perferably -5°C to 0°C for a period of 44 
to 48 hours. 
7. In museums the control measures should ain; at the 
complete eradication of the pest species, contrary to 
64 
the approach adopted in agriculture, horticulture etc. 
were the objective is to bring down the pest population 
to keep it below the threshold level. Therefore in 
museums we should move beyond "integrated pest 
management" to an approach which may be called 
"integrated pest eradication". In museums the 
integrated pest control programme should include all 
the precautionary and curative methods necessary for 
the total elimination of the pest species including the 
extensive use of chemical pesticides in different 
forms. 
8. Fumigation is supposed to be one of the surest methods 
of controlling the pest infestation in museums. The use 
of para-dichlorobenzene (PDB), methyl bromide, 
Dowfume 75, ethylene oxide, ethylene dichloride and 
carbon disulphide are recommended for obtaining the 
best results. 
9. Methyl bromide is the most reliable fumigant, which can 
be used for the control of a wide range of museum 
pests. 
10. Synergised pyrethrum products are recommended for 
spraying purposes as the chemical has low toxicity and 
is regarded as "safe" for human beings. 
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